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PURPOSE: To produce an optical fiber having high quality with less fluctuation in the 
outside diameter thereof by providing a furnace core tube, heater, cooling cylinder and 
shutter and combining the same in a manner as to make specific effect. 

CONSTITUTION: A drawing furnace is provided with the cylindrical furnace core tube 2 
made of a heat resistant stock in the centra! part of a housing 1 made of a metal. The 
central part of the furnace core tube 2 is enclosed by a carbon heating element 3 and is 
kept at a high temp. An insulating material 4 is filled in the housing 1 enclosing the tube 2 
and the element 3. A toric diffuser 5 concentrical with the tube 2 is connected to the top 
end of the tube 2 so that an inert gas introduced from an introducing port 7 thereof is 
blown slightly downward from a blow port 6. The cooling cylinder 14 which is concentrical 
with the tube 2 and is cooled by a cooling medium such as water is connected via the 
shutter 24 having a small hole to allow the passage of an optical fiber 1 1 to the bottom end 
of the tube 2. A cooling water inflow port 19 and outlet 20 are provided to the outside 
cylinder 17 of the cooling cylinder 14 to cool the cylinder 14 to a prescribed temp. 
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Specification 



1. Title of the invention 

Optical fiber drawing furnace 



2. Claims 



1 . Optical fiber drawing furnace, characterized by comprising a furnace core tube, 
through which an optical fiber base material is inserted and an inert gas flows down, a heater 
that surrounds the furnace core tube and heats the optical fiber base material, a cooling tube 
that is installed contacting the lower end of the furnace core tube and that cools the inert gas 
by cooling medium fed to it, and a shutter that is installed between the cooling tube and the 
lower end of the furnace core tube and has a hole in the center for passing optical fiber 
through. 

2. Optical fiber drawing furnace, characterized by comprising a furnace core 
tube, through which an optical fiber base material is inserted and an inert gas flows 
down, a heater that surrounds the furnace core tube and heats the optical fiber base 
material, a cooling tube that is installed contacting the lower end of the furnace core 
tube and that cools the inert gas by cooling medium fed to it, a shutter that is 
installed between the cooling tube and the lower end of the furnace core tube and 
has a hole in the center for passing optical fiber through, and a diffuser that is 
installed at the lower end of the cooling tube and that blows an inert gas into the 
cooling tube. 



3. Detailed explanation of the invention 
Industrial field of the application 

The present invention concerns an optical fiber drawing furnace that can produ< 
high-quality optical fibers and is excellent in durability. 



Conventional technology 

The cross-sectional structure of a conventional optical fiber drawing furnace is shown 
in Figure 3. The furnace contains cylindrical furnace core tube (2) made of a heat-resistant 
material such as graphite, etc. in the center of the body (1), and middle part of this furnace 
core tube (2) is wound with a carbon heater (3). The space between the outer area of the 
furnace core tube (2) and carbon heater (3) and inside of the body (1) is packed with thermal 
insulator (4). The optical fiber base material (8) is inserted into the furnace core tube (2) 
from the top, melted by the carbon heater (3) at the middle of the furnace core tube (2), and 
the carbon fiber (11) is drawn and discharged from the furnace from the bottom of the furnace 
core tube (2). At the upper end of the furnace core tube (2), circular upper diffuser (5) 
concentric with the furnace core tube (2) is installed, and an inert gas is introduced through 



the inlet (7). A number of blow outlets (6) that blow an inert gas somewhat downward to the 
outer surface of the optical fiber base material (8) that is inserted along the inner wall of the 
upper diffuser (5) are installed on the inner wall of the upper diffuser (5). The inert gas 
blown out of the blow outlet (6) flows down surrounding the optical fiber base material (8) in 
the furnace core tube (2) and is discharged out of the tube from the outlet (13) at the lower 
end of the furnace core tube (2), and at the same time a portion is discharged upward along 
the outer surface of the optical fiber base material (8), thus the outer atmosphere is prevented 
from flowing into the furnace core tube (2). 

Also, at the outlet (13) at the lower end of the furnace core tube (2), circular lower 
diffuser (9) concentric to the furnace core tube (2) is installed. An inert gas is led from 
outside into the lower diffuser (9), and a number of nozzles (10) open on the inner wall of the 
lower diffuser (9) are installed. Through the nozzles (10), an inert gas is blown downward to 
the optical fiber (1 1), for prevention of outside atmosphere from entering into the furnace 
core tube (2). A portion of the inert gas blown from nozzle (10) flows upward in the furnace 
core tube (2). 

As described above, the optical fiber base material (8) is fed straight down into the 
furnace core tube (2) heated to a high temperature, e.g., 2100°C, by a feeding mechanism 
which is not shown, and the optical fiber (1 1) formed is wound by a winder which is not 
shown. 



Problems to be solved by the invention 

Of the required performances of optical fiber drawing furnace, stable outer diameter 
of optical fiber (11), extreme cleanliness inside the furnace, filling the furnace interior with an 
inert gas to prevent wear by penetration of oxygen in the atmosphere, etc., are important. 

In the conventional optical fiber drawing furnace shown in Figure 3, the lower diffuser 
(9) is positioned at the lower end of the furnace core tube (2); thus a portion of the low- 
temperature inert gas blown from the lower diffuser (9) rises in the furnace core tube (2) at 
high temperature and mixes vigorously with the inert gas that is blown down from the upper 
diffuser (5) and becomes hot in the furnace, resulting in substantial turbulent flow. 

On the other hand, the optical fiber (11) drawn down from the molten front end (12) 
of the optical fiber base material (8) fed into the furnace core tube (2) stays as molten soft 
state in a small region, then is immediately cooled and solidified to form an optical fiber (11) 
with final outer diameter and discharged from the furnace core tube (2). In this case, at the 
molten soft part of optical fiber (11) during the cooling and solidification of the optical fiber 
(11) from the molten front end (12) of the optical fiber base material (8), the above-described 
turbulent flow is formed by vigorous mixing of the hot inert gas blown down from the top and 
the cool inert gas blown up from the bottom, and the temperature fluctuation caused by such 
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turbulent flow may cause the outer diameter variation in forming the final outer diameter of 
the optical fiber (1 1). Also, near the outlet (13) of the lower diffuser (9), temperature rises 
because of the hot inert gas blown down from the top and at this portion, the cooled 
atmosphere flows into the tube. Such atmosphere flown in becomes rising flow in the furnace 
core tube (2), and this wears the furnace core tube (2) interior severely and also this reaction 
product adheres to the optical fiber (1 1), resulting in lowering of the strength of the optical 
fiber (11). 

The present invention is to overcome such various drawbacks of the conventional 
optical fiber drawing furnace, and it is an object of the present invention to provide an optical 
fiber drawing furnace for the manufacture of optical fibers excellent in qualities with no 
penetration of atmosphere into the furnace. 

Means for solving the problems 

The optical fiber drawing furnace of the first invention is characterized by comprising 
a furnace core tube, through which an optical fiber base material is inserted and an inert gas 
flows down, a heater that surrounds the furnace core tube and heats the optical fiber base 
material, a cooling tube that is installed contacting the lower end of the furnace core tube and 
that cools the inert gas by cooling medium fed to it, and a two-piece shutter that is installed 
between the cooling tube and the lower end of the furnace core tube and has a hole in the 
center for passing optical fiber through. The optical fiber drawing furnace of the second 
invention is characterized by comprising, in addition to the constitution of the first invention, 
a diffuser that is installed at the lower end of the cooling tube and that blows an inert gas into 
the cooling tube. 



Function 



The optical fiber drawn from the lower end of the optical fiber base material fed from 
the upper end of the furnace core tube is surrounded by the inert gas fed from the top, and this 
inert gas is heated to a high temperature in the furnace core tube and then cooled in the 
cooling cylinder in such a way that at the lower end, its temperature is about same as ambient 
temperature, thus the atmosphere does not flow into the furnace core tube from the lower end 
of the cooling cylinder. Heating of the cooling cylinder by the radiative heat from the high 
temperature portion of the furnace core tube is suppressed by the shutter between the lower 
end of the furnace core tube and cooling cylinder, resulting in an enhanced cooling effect of 
the cooling cylinder. 



Practical example 



Figure 1 shows the cross-sectional structure of an example of optical fiber 
drawing furnace of the present invention, and Figure 2 shows the cross-sectional 
shape along the line ll-ll. The drawing furnace contains a cylindrical furnace core 
tube (2) made of heat-resistant material such as graphite, etc. in the middle of the 
body (1 ) and the middle part of the furnace core tube. (2) is kept at high temperature 
by surrounding with a carbon heater (3). The interior of the body (1) containing the 
furnace core tube (2) and carbon heater (3) is filled with a thermal insulator (4). The 
upper end of the furnace core tube (2) is connected to a circular diffuser (5) 
concentric to the furnace core tube (2), and the inert gas introduced via the inlet (7) 
is blown somewhat downward through the blow outlet (6). The lower end of the 
furnace core tube (2) is connected to a cooling cylinder (14) that is concentric to the 
furnace core tube (2) and cooled by a cooling medium such as water, via a shutter 
(24) having a small hole through which the optical fiber (11) passes. Cooling water 
inlet (19) and outlet (20) are installed on the outer surface (17) of the cooling cylinder 
(14) for cooling the cooling cylinder (14) to a desired temperature. The upper end of 
tapered part (1 5) formed in the upper inner surface of the cooling cylinder has about 
the same inner diameter as the furnace core tube (2); it tapers gradually, connecting 
to the inner cylinder (16) of length L needed for cooling the hot inert gas flowing 
down the furnace core tube (2) to a desired temperature, e.g., about 100°C. The 
inner diameter of this inner cylinder (i6) is tapered down from an inner diameter 
about the same as the inner diameter of the furnace core tube (2); thus the 
turbulence of the inert gas flow is prevented, and cooling efficiency of the inert gas is 
enhanced. At the lower end of the cooling cylinder (14), a diffuser (22) of the inert 
gas surrounding the inner cylinder (16) is installed integrally, and the inert gas 
introduced via the inlet (21 ) formed at the this diffuser (22) is blown out toward the 
center of the inner cylinder (16) from a number of blow outlets (23) installed around 
the inner cylinder (16). 

An optical fiber base material (8) is introduced concentrically from the upper end of 
the furnace core tube (2), and the optical fiber base material (8) is melted at the high 
temperature part by the carbon heater (3) at the middle of the furnace core tube (2) and drawn 
at a certain speed to form an optical fiber (1 1) of desired outer diameter. The optical fiber 
(1 1) passes through the cooling cylinder (14) and is taken out from the lower end of the 
cooling cylinder (14). Atthis_time, inert gasjs fed downward from the blow outlet (6) of the 
diffuser (5) installed at thl^eT^fthTfurnace core tube (2). As a result, penetration of 
atmosphere into the furnace core tube (2) via the gap between the optical fiber base material 
(8) and the diffuser (5Tislr^teZ^nl^^he optical fiber base material (8) is surrounded 
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by the down flow of the inert gas, thus the furnace core tube (2) is protected from oxidation. 
The inert gas fed into the furnace core tube (2) is heated at the high temperature part of the 
furnace core tube (2) and is then cooled as it descends through the inner cylinder (16) from 
the tapered part (15) of the cooling cylinder (14) connected to the lower end of the furnace 
core tube (2) to a desired temperature and discharged outside from the lower end of the 
cooling cylinder (14). The temperature of the inert gas discharged from the lower end of the 
cooling cylinder (14) is reduced to about ambient temperature by the cooling cylinder (14). 
As a result, there will be no thermal convection caused by temperature differences at the 
lower end of the cooling cylinder (14), and there will be no penetration of the atmosphere into 
the cooling cylinder (14) at all. Also, by the diffuser (22) of the inert gas at the lower end of 
the cooling cylinder (14), the inert gas is blown from the blow opening (23) open surrounding 
the inner surface (16) of this diffuser (22), and as a result, the penetration of air from the 
lower end of the cooling cylinder (14) is completely prevented. By installing a shutter (24) 
shown in Figure 2 between the furnace core tube (2) and cooling cylinder (14), the radiative 
heat from the high temperature part of the furnace core tube (2) is shielded, and the cooling 
efficiency of the inert gas at the cooling cylinder (14) is enhanced. The inner diameter of the 
small hole (25) formed in the shutter (24) is, e.g., about 5 mm, enough for dropping the chips 
during initiation of the drawing (by heat) of optical fiber (1 1). In Figure 2, the hole can be 
adjusted by sliding in the horizontal direction. 

Experimental example 

The apparatus shown in Figure 1 and 2 was used with the effective cooling length L of 
the cooling cylinder (14) being 50 cm, the cooling cylinder (14) inner diameter 2 cm, 3-mm- 
thick steel tube for the inner cylinder (16) of the cooling cylinder (14), cooling water at 20°C 
in the cooling cylinder (14), small hole (25) with a diameter of 5 mm of the shutter (24), no 
diffuser (22) at the lower end of the cooling cylinder (14), the flow rate of the inert gas 
flowing down from the furnace core tube (2) to the cooling cylinder (14) being 5 L/min. At a 
temperature of about 1000°C, the gas discharged from the lower end of the cooling cylinder 
(14) was 120°C. The oxygen concentration near the lower end of the furnace core tube (2) 
was 100 ppm, compared with 300 ppm in a conventional case without installation of the 
cooling cylinder (14), indicating a marked improvement. The outer diameter variance of the 
optical fiber (1 1) formed was ± 0.5 urn. 

On the other hand, when the diffuser (22) was installed on the cooling cylinder (14), 
nitrogen gas was blown at a rate of 5 L/min from the diffuser (22). Under the same 
conditions as above, the oxygen concentration at the lower end of the furnace core tube (2) 
was reduced to 50 ppm. The outer diameter variation of the optical fiber formed was ± 0.5 
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um, indicating the effect of the inert gas blowing on the outer diameter of the optical fiber 
(11). 

The service life of the parts inside the furnace was about 2 weeks in the present 
invention, compared with about 1 week in conventional case. 



Effect of the invention 



According to the optical fiber drawing furnace of the present invention, by installing a 
cooling cylinder surrounding the optical fiber at the lower end of the drawing furnace, the 
temperature of the inert gas discharged into the atmosphere from the lower end of the cooling 
cylinder is low, thus the amount of air flowing in is extremely small, due to the temperature 
difference between the interior and exterior of the cooling cylinder, resulting in a marked 
extension of the service life of the furnace core tubej Also, there is no temperature variation 
caused by turbulence of the inert gas flow inside the furnace core tube, resulting in 
stabilization of the inert gas flow; thus an optical fiber with a uniform outer diameter and 
excellent qualities can be manufactured. By installing a diffuser at the lower end of the 
cooling cylinder, the penetration of air into the cooling cylinder is further completely 
prevented, resulting in further reduced wear of the parts inside the furnace core tube. Yet, by 
installing a shutter between the drawing furnace and cooling cylinder, the cooling efficiency 
of the inert gas flowing down the cooling cylinder can be enhanced further. 



4. Brief explanation of the drawing 

Figure 1 is a cross-sectional diagram of 
according to the present invention. Figure 2 is 
Figure 1 . Figure 3 is a cross-sectional diagram 
furnace. 



an example of optical fiber drawing furnace 
a cross-sectional diagram along the line II-II of 
of a conventional optical fiber drawing 



1 Body 

2 Furnace core tube 

3 Carbon heater 

4 Thermal insulator 
5, 22 Diffusers 

6 Blow outlet 

7,19,21 Inlets 

8 Optical fiber base material 

1 1 Optical fiber 

14 Cooling cylinder 



15 Tapered part 

16 Inner cylinder 

17 Outer cylinder 
20,23 Discharge outlets 

24 Shutter 

25 Small hole 
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Figure 3 



